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m) NONAQUEOUS ELECTROLYTE BATTERY 

\5/) Abstraci- 

FK()BL<fcM TO BE SOLViiD: To provide a battery which maintains contact with 
an inierface between a positive and/or negative electrode and a polymer 
electrolyte and is good in charging and discharging at a high rate by 

electrolyte syith an adhesive. 

SOLUTiOH; Since a polymer electrolyte is adhered to a positive and/or 
negative electrode by an adhesive In a lithium battery, the electrolyte 
can follow expansion and shrinkage of electrode volume, and its cycle 
characteristic is improved compared to a conventional one. In this case, 
if the adhesive connecting the positive and/or negative electrode to the 
polyser electrolyte has ion conductivity, ions can move in the adhesive 
and food charging and discharging electrolyte is obtained. Furthermore, 
if this adhesive and the polymer electrolyte are made of a saiiie 
iisaterial, ions can move more unifonnly. A polymer which swells or 
t'-'t.ndo ?hrwMcC. el* > ire. y„e. e, t;, pe b. ^ U'rv I i den iluoridt-' is p-- 'ler.d;!^ 
for the polymer electrode. 
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rciaim(s)] 

[Claim 1] The nonaqueous elecirolyte ceil which the positive electrode 
and/or the negative electrode, avid the polyelectroiyte have pasted up 
with adhesives. 

[Claiiii 2] The .noii&queous electrolyte cell according to claisr. 1 by which 
adbesives are characterized by having ion conductivity. 
[Clajit 3] The nonaciueous electrolyte cell according to claim 1 or 2 to 
which a polyelectroiyte is charscterized by being swelling or the 
rs-jacroiiKjiecule u'hich carries out hwfiidity with the electrolytic solution, 
rciaim 4] The nonaqueous electrolyte cell according to claim 1, 2. or 3 
by " 1 . . ? p^ .-e cc-^-" lU^ . > i'u.'cte i^ei 1\ '.cinq « i-nool ^ ^ urn 
mn coaauciive poi.ymer. 

, 1 voi > e. ^ > t < a . < claim 1, 2, 3, or 

4 characterised by a polyelectroiyte and adhesives being the saaie 
ingredients. 



iJirrAlLEu OESCKIFTION 



[Detailed Description of tiie inventioir 
[OOQIJ 



[Field of the Invention] This invention relates to a nonaqueous 

electrolyte celL 

[0002] 

. of ;i '-'^ o' \vt i'l 'Si.'l <^ 1 j;Kr OtT ^.^ ^ 

lithium ion battery may use the iiif lamfRsble organic electrolytic 
solution for an eiectrolyte unlike the lead accumulator which used the 
skater sclutiou for the electrolyte, a uickel-cadmium battery, a nickel 
hvdorrde battery, etc. , a problem is in the safety. Therefore, to raise 
tiie safety of a cell by using a solid-state poiyelectrolyte more lacking 
in chenucal reactiyity instead of the organic electrolytic solution is 
tried- Moreover, application of a soiid-state poiyelectrolyte is tried 
also in the objects, such as the flexibility of a cell conf fguratiou, 
aiispl i f ication of a production process, and a cutback of a manufacturing 

[0003] As an ion conductivity giant molecule, many complexes ox 
polyethers, such as polyethylene oxide and pGlypropylens oxide, and an 
alkali-metal salt are studied, Howe-^er, a polyether is difficult to 

) \ < 1.^-^ i t 1 r' 1' !u >u Hi K s*' 
maintained* and since conductivity is moreover greatly- influenced by 
t n a. < . I I \ 1 "\ - M K . ! I. at a room temperature is not 

obtained, the polysiloxane or pcly FOSUFAZEN -which has the cogib moid 
macronioiecule and polyether chain which have a polyether in a side chain, 
the copolymer of other ffionomers, and a polyether in a side chain, the 
bridge formation object of a polyether, etc. are tried. 
[0004] hurthersjiore, by carrying out ijiipregnation of the electrolytic 
solution to a glaut molecule, a gel solid electrolyte is manufaciured 
and 10 apply to a lithium system ceil is also tried. There are a 
polyacrylonitri ie, polyvinyl idene fluoride, a polyvinyl chloride, etc, 
in the giant molecule currently used in this gel solid electrolyte. 
Moreover, to manufacture a poly membrane by desiccation of latexes, such 
as nitriie rubber, styrene butadiene rubber, polybutadiene, and a 
polyvinyl pyrrolidone, and to manufacture a lithium ion conductivity 

i fi ^ o > ii„ < at iU'''E^n. >i tif t oil- " '-t 

to this is also tried. 
[0005] 

i ! M ^ . 00 ^ "-V 1 ^r-i "vH . t Ol. . * kt 11 d \ h 

repeats expansion arid contraction of the volume by charge and discharge 
to . > , -.'i. ^ tt.t_ dt <, \< ^.\c*^T h _i rb ir ajt o' ^ 

for example, LiCoO, and LiNi02 etc, — a 3trat.ified cooroound o.r LiMn 204 
etc- - — stratified negative-electrode active maierials. such as positive 
active material of a spinel compound, carbon, and graphite, are used. 



that the interface qi a positive electrode or a negative electrode, and 

V. I I , . v-< t I ^ •'e 
[0006] 

[Means for Solving the Problem] This invention is made in view of the 
above-mentioned trouble, even if a positive electrode aitd/or a negaEive 
electrode, and a polyelectrolyte are characterized by having having 

listej-face of a positive electrode or a negative elecirode, and a 
polyeiectroiyte is iTsaintairied, and the charge and discharge in high rate 
offer a good nonaqueous electrolyte cell. 

[Embodia-ent of the Invention] In the lithium ion battery nsiag the 
conventional polyelectrolyte, since the positive electrode or the 
viogative eiectrodej and the polyelectrolyte had not pasted up, when 
charge arid discharge were repeated, a oolyelectrolyte could not be 
fol lowed in footsteps of contraction [ expansion and contraction ] of 
the volume of a positive electrode or a negative electrode, but there 
was a fault that charge/discharge capability ability fell remarkably.. 
Since the polyelectrolyte has pasted up with the positive electrode or 
the negative electrode with adhesives, the cell by this invention 
becomes possible [ following in footsteps of contraction / expansion and 
contraction / of the volume of an electrode ], and its cycle property 
ifiiproves rather than the conventional polyelectrolyte lithium ion 
battery, M this time, when the adhesives on which the positive 
electrode or the negative electrode, and the polyelectrolyte are pasted 
up have ion conductivity, migration of ion is possible also for tbe 
inside of adhesives, and a good charge-and-dischargs property can he 
acQUired. Furthenaore, m^en the adhesives and the polyeiectroiyte on 
vln.ch the positive electrode or the negative electrode, and the 
polyelectrolyte are pasted up are made of the same ingredients it 
becomes -^lovable [ more uniform ion J. 
[0008] 

[hxample] Hereafter, this invention is explained using a suitable 
example. 

[0008] (Exampie 1) Acetylene black 6wt%, polyvinyl idene fluoride (PVdF) 
9wt%, what mixed n-me thy 1- 2-pyrro 1 i done (NMP) 15wt% was applied on 
alumini-um foil with, a thickness of 20 micrometers, was dried at IbO 
degrees C, and NMF was evaporated cobalt acid lithium (LiCo02; 70wtl 
After carrying out the above actuation to both sides of aluminium foil, 
it pressed and considered as the positive-electrode plate. The thickness 



iOOlOj Next, graphite 76wt%, PVdF9wt%, what mixed NMP15wt% was applied 
on copper foil with a thickness of 14 microajeters, was dried at 150 
degrees C, and MP was evaporated. After performing the above actuation 
to both sides of copper foil, it pressed and considered as the negative- 
eleotj-ode plate. The thickriess of the negative electrode after a press 
was 190 microsjeters. 

[0011 j Moreover, the- polyelectrolyte layer was manufactured as follows, 
12g of PVdF powder of average molecular weight 60,000 was dissolved in 
88g NMP, By irsiisrsing this solution underwater, NMP was flushed and it 
considered as the mi croptorous PVdF film with a% [ of porosity j of 60, 
and a thickness of 25 micrometers. This film was used as the 
polyeJ ectrolyte by making it swell with the electrolytic solution so 
that it might mention later. 

[0012] After having applied the ethylene-vinyiacetate copolyaier as 
adhesives, respectively, makisig the fsicroporous PVdF film intervene 
between them and carrying out hot melt on the positive-electrode plate 
prepared as Mentioned above and a negative-electrode plate, it inserted 
into the stainless case with winding, height of 47.0mm, a width of face 
[ of 22.2mm j, and a thickness of 6.4mm of a square shape. Inside this 
cell, ethylene carbonate (EC) and diethyl carbonate (DEC) are mixed at 
the rate l:i of a volume ratio, and it is LiPF6 of I jnol/l. It 
considered as tiie polyelectrolyte by add-ng the electrolytic solution in 
whfch it was made to dissolve by vacuum clysis, and making the 
rp;":ooo -n^^ FVdi" ]ih svw 1 . witb liie el -rirfO vti ^ solutis.o. Thus, ihe 
cell (A) by this invention of nominal capacity dOOmAh was manufactured. 
[0013] (lixaniple 2) As an example 2, the cell (B) by this invention of 
nominal capacity dOOmAh which is the same configuration as the above- 
ssentioned example 1 was manufactured except having used polyethylene 

[0014] (Example 3) As an example 3, the cell (C) by this invention of 
nominal capacity 400mAh which is the same configuration as the above- 
mentioned example 1 was manufactured except having used PVdF as 
adhesi v es, 

[0015] (Example i of a comparison) The nominal capacity which is the 
same configuration as the above-mentioned example 1 manufactured the 
well-known cell la) from the former of 400mAh (s) except having wound 
without having not used adhesives, but having made the microporous PVdF 
fi Im intervene between a positive-electrode plate and a negative- 
electrode plate as an example i of a comparison, and carrying out hot 



continuously'' to 4. IV the current of ICA in 25 degrees C for 3 hours 

using these cells (A), (B). (C), and (a), it discharged to 2.75V with 
the current of iCA, 

[0017] Drawing 1 is drawing showing the discharge curve when perforising 
charge artd discharge on the above-mentioned conditions using these cells. 
Pr(-»m .^i \-^.' ^, 1 iejol^ X* that iSie sci 4<> pi >' itv vi.i^v^h th- 

cell (A; by this invention, (B). and (C) excelled the cell (a) well- 
known frosfi the former Is shown. In the cell (C) a polyelectrolyte and 
whose adhesives are especially made of the same ingredient, since 
diffusion of ion was carried out to homogeneity, the best discharge 

[OGlSj Moreover, dra^ying 2 coirspares transition of the discharge capacity 
when repeating charge and discharge on the same conditions as drawing 1 , 
From drawing, it is understood that the cell (A) by this invention, (B), 
and (0) show the cycle property which was excellent compared, with the 

[0019] Although NMP is removed in said exaaspie by immersing underwater 
the solution which dissolved the polymer in NMP as an approach of 
inanntacturing the .microporous polymer film, the solvent which dissolves 
a polymer is not limited to NMP and should just dissolve a polymer. 
Moreover, the liquid immersed in the .solution which dissolved the 
polymer should just have the solvent and compatibility which are not 
3 i raited to water, and cannot dissolve a polymer and dissolve a polymer. 
When a solvent is removed from a polymer solution using the liquid 
iismersed in the solvent which dissolves the polymer of such a 
comhination. and a polymer, and the solution which dissolved the polymer, 
the part in which the removed solvent existed serves as a hole, and can 
manutacture the microporous polymer film. 
..v.^ ] * . i u. t.».^)^ . lL< 0 rosity polymer for a 

fabrication of a porosity polymer electrol.yte, in addition to the above- 
mentioned approach, after siianufacturing the extending method, the method 
of removing a particle from the polymer which added the particle, the 
method of solidifying a polymer by cooling a hot polymer solution, and 
removing liquid, and the imperf oration polymer film, penetration 

^ 5^ t --i4.s.*s j.rsii^^^ly t^ied nsi ... ^ i p --i th i i t-< 'c 
Among these, although the cell manufactured by the approach using a 
stainless thin needle showed the charge-and--discharge property which wbs 
excellent like the case -where a wet method is used, sufficient porosity 
was not obtained in the other approach. 

[0021] Moreover, the fflacromoleeule used for a porosity palymer 



^ 'V ^ I i ^ 1 ! K V 

polyacrylonitrile (PAN), Polyethylene oxide, polypropylene oxide, 
polymethylmethacrylate, Polyniethyl acrylate, polyvinyl alcohol, the poly 

porosity polyiiier electrolyte aud it using polyvinyl acetate, a polyvinyl 
pyrrol idone, polyethyleneimine, polybutacliene, polystyrene, and 
polyisoprene was tried Among those, especially the case, where PVDF, and 
PVC and PAN are used was excellent, 

[0022] Although polyvinyl idene fluoride is used with the electrolytic 
solution in said example as swelling or a giant molecule which carries 
out huniidity Not the thing limited to this but a polyvinyl chloride, 
polyethyLene oxide, Polyethers, such as polypropylene oxide, a 
polyacrylonitrile, Poly vinyiidene fluoride, a polyvinyl idene chloride, 
V L t t ic ^ fvti''' M>v c. i->h\l ^ Icn I 00 

nssthacrylonltrile, it is independent, or polyvinyl acetate, a poiyviviyi 
pyrrol idone, polyethyleneimine, poiybutadiene, polystyrene, 
; .^^-\\>^ 'i < ^ s.a th.< = <?>^ d( rn-i* Ur-.- irav vcd .ul so e ^ V>.te<>^-r, tlie 

< ' -^It.ol' tc v^Lic\ vO| u^^ -Bf'i i.vi 1 1 -n <4 \b" vai: ikx, f!o:> ^^'i-- v^hi i 
constitute the above-mentioned polymer %"as carried oux may be- used. 
[0023] Moreover, in said example, as the eiectrolytic solution made to 
contain in « aacroiaolecule. although the mixed solution of EC and DEC is 
used Not the thing limited to this but ethylene carbonate, propylene 

, '^nvfL^ " iibonate, diethyl carbonate, gasmisa - Butyrolactone, 
A.^uio .a', di~;.e'avi :rsof,j\iJc, an <i«;ctoiiitrile, (Jr^eil yl '''^nrifRhi--, 
Polar solvents, such as diHiethyiacotamide, 1, 2-dimethoxyethane, 1, 2- 
dieihoxy ethane, a tetrahydrofuran, 2-inethyl totrahydrofuran, dioxolane, 
and methyl acetate, or such isuxture may be used. 

t (. 5 V. 1 1 I tH ^ j1 <i i U e 3 

solution is fsiade to contain in said exaffiple. Although it is used, 

J, ^ , (>l, LiVfo, ^ - f\, .1 - .Fa LiCh 

hlBr, LiCFh C02, and 11 (CF3 S02)2 H, or such EJ5ixture may be used. 
[0025] Furthermore, it sets in said example and is LiCo02 as positive 
c^, ^ i r iiu ' , i, „ ,,!jit. d ' t! t i vhe 

ffiultlpie oxide and the oxide which has a tu,nnel~like hole expressed with 
an empirical forsi^ula Lix M02 or hiy M 204 (howover, M transition ftietals, 
0<-xt-l, 0<=y<-2), and the metal chalcogen ghost of the layer structure 
can be used as an inorganic compound, as the example — LiCo()2, hiNi02, 
iJMn 204, Li2 Mn 204, !iln02, Fe02, V2 05, and V6 — Q13, T102, and TiS2 
etc. — it is mentioned. Moreover, as an organic comp.ound, conductive 
polymers, such as the poly aniline, etc. are mentioned, for example. 
Furthermore, an inorganic compound and an organic oompound may not be 



asked, but the various above-mentioned active fftateriais ffiay be mixed and 
used. 

negative-electrode active material In addition., the alloy of aluounaiii, 
Si, Pb. Sa, Zn, Cd, etc, and a lithium, LiFe 203 etc, — a transition- 
isotals multiple oxide, W02, and Mo02 etc. — the lithium nitride (113 N) 
of carbonaceous ingredients, such as transition-metals oxide, graphite, 
and carbon, LIS, etc., metal lithiuiB foils, or such mixture iuay be used, 
i0027j Furthermore, in said example, although EVA, polyethylene oxide, 
and PVdF are used as adhesives, reactant acrylic resin, amino resin, 

' O S ^ i M 1, f IV ma\ ) V-iK 

' j . i I . 3 ,M l< 5 't^ ( < CI i . ^ . t Ol i ^> 1^ . ( II 

interface of a positive electrode and a negative electrode, and a,n 
electrolyte by the porosity lithium ion conductive polymer, since it was 
a high-tension ceil, the oxidation and reduction of the organic 
electrolytic solution by the positive electrode and negative electrode 
which pose a problem were able to be decreased, and the charge neglect 
property has been improved. Also in this case, although the iithius) ion 
conductive polymer was porosity therefore, the charge and discharge us 
high raie became possible. 
[0029] 

[Effect of the lavention] As stated above, even if a positive electrode 
and/or a negative electrode, and a polyelectrolyte repeat charge and 
discharge by having pasted up with adhesives in the cell by this 
invention, contact of the interface of a positive electrode or a 
negative electrode, and a polyelectrolyte can be maintained, and the 

electrolyte cell. 
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